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CAPACITIVE SYSTEM FOR MANOMETRIC 
DETECI‘ ION AND MEASUREMENT OF 

DIFFERENTIAL PRESSURES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention pertains to a novel manometric 

system for detecting and measuring differential pres 
sures and more particularly relates to an instrument and 
a method, using a multiplicity of electrical capacitors in 
a capacitance measuring bridge circuit, for the continu 
ous detection and measuring of differential pressures 
and reporting the measured pressure difference elec 
tronically as a single differential pressure value. 

2. Description of the Prior Art 
Differential pressure is of interest in a wide variety of 

monitoring and control applications. The measurements 
of pressure differential are not only made when pressure 
must be determined, but also as a basis for inferring the 
values of other variables and characteristics of gases 
and liquids. 
Many types of devices are available for differential 

pressure measurement. The devices comprise sensors 
which respond to properties of the measured media and 
produce mechanical, pneumatic, or electrical outputs 
(transductions) for‘ indication and control purposes. In 
many con?gurations the sensing and transduction func 
tions are closely coupled and are combined into a single 
instrument unit. 

In general, the sensors used in differential pressure 
instruments undergo mechanical displacements or de 
formations as the result of forces exerted by the two 
media being monitored. The movement is opposed by 
restoring forces which are typically created by the 
elastic properties of the sensor, external springs, or by 
gravity and which establish equilbrium positions char 
acteristic of the differential pressure. 
The choice of sensor influences performance speci? 

cations such as accuracy, repeatability, range, and over 
range, frequency response,'operating life, and stability 
of the instrument. The materials of which the sensors 
are fabricated also determines the media and tempera 
ture ranges to which the instrument can be exposed. 
The most common differential pressure sensors are: 

bellows, diaphragms, bourdon tubes, liquid manome 
ters, and bell gages. The mechanism for converting the 
displacement or deformation of the sensor (caused by a 
differential in pressures) into a display or signal output 
is commonly referred to as a transducer. Typically, the 
following devices are recognized as basic transduction 
mechanisms: mechanical linkages, strain gage transduc 
ers, potentiometers, inductive transducers, capacitive 
sensors, force balance transducers and motion balance 
transducers. 
Of the common differential pressure sensors, liquid 

manometers are the simplest detectors. These sensors 
comprise containers with liquid ?lls having two free 
surfaces; the resultant of the pressures on the surface 
areas and the weight of the ?uid establishes column 
height. The levels of the two free surfaces are read and 
subtracted. The differential pressures are products of 
the subtracted heights and densities of the manometric 
?uids. Water and low-density oils or alcohols are used 
for sensitive measurements over narrow pressure 
ranges; mercuryis the preferred liquid for wide pres 
sure ranges. Fill ?uids must be speci?ed with properties 
chemically compatible with the gases or liquids being 
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monitored and they must not freeze or vaporize under 
operating conditions. The height of the ?uid column in 
most U-tube manometers with transparent (glass) tubes 
may be read manually to obtain an indication of differ 
ential pressure, without any transducer associated with 
the instrument. Manual recording of ?uid heights and 
calculation of pressure differentials are required for 
such devices and they must be protected against hazards 
associated with tube breakage. Where capacitive type 
transducers have been associated with differential pres 
sure sensors, a number of instrument disadvantages 
have been observed. Thus, such instruments have been 
found to be sensitive to temperature change and have 
high impedance output and a need for complex elec 
tronics. The classic capacitance transducers must be 
reactively as well as resistively balanced. Long lead 
lengths and moving leads allow stray capacitive impe 
dance pickup and thus variation in the capacitance com 
ponents of the circuitry. It is often necessary to have a 
preampli?er close to the transducer. 

SUMMARY OF THE INVENTION 

The present invention relates to an instrument and a 
method for continuously detecting and measuring dif 
ferential ?uid pressures of liquids and gases by mano 
metric techniques and sensing, translating and reporting 
such measurements electrically via unique capacitive 
transduction techniques comprising an intimate part of 
the manometric instrument and method. The invention 

‘ overcomes the de?ciencies of prior art manometric 
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pressure differential measuring methods and devices 
and the de?ciencies of capacitive transductance meth 
ods and instrumentation by uniquely combining all of 
the capacitances involved in a classic Wheatstone 
bridge circuit into the U-tube manometric methodology 
and instrument structure. 

It is an object of the present invention to provide an 
improved capacitive method and instrumentation for 
detecting and measuring differential ?uid pressures of 
liquids and gases. 

It is a further object of the present invention to pro 
vide an improved capacitive type differential pressure 
measuring method and instrument which incorporates 
the principals of U-tube manometry. 

It is another object of the present invention to pro 
vide an improved capacitive type differential pressure 
test instrument of U-tube manometric structure which 
can accurately measure gas or liquid pressures and elec 
trically report such measurements at points removed 
from the instrument. 

It is a still further object of the present invention to 
provide an improved capacitive type method for mea 
suring differential pressures of liquids or gases which is 
insensitive to environmental changes and to stray ca 
pacitances. 
Another object of the invention is to provide an im 

proved capacitive type method for continuously detect 
ing and measuring differential pressures of liquids and 
gases utilizing a U-tube manometer sensor structured of 
all of the capacitors of a simple alternating current 
Wheatstone bridge circuit and including detector and 

. direct readout circuitry. 

These and other objects of the invention will become 
apparent to those skilled in the art upon consideration of 
the accompanying speci?cation, claims and drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Referring to the drawings, wherein like characters 
indicate like parts throughout the ?gures: 
FIG. 1 is a sectioned elevation view of the capacitive 

manometric differential pressure measuring instrument 
of the present invention; 
FIG. 2 is a top view of the manometric instrument of 

FIG. 1; “ 

FIG. 3 is a cross-sectional view of the manometric 
instrument of the invention taken at line 3—3 of FIG. 1; 
FIG. 4 is a cross-sectional view of the manometric 

instrument of the invention taken at line 4-4 of FIG. 1; 
and ' 

FIG. 5 is a schematic block diagram of circuitry in 
which the capacitors of the manometric instrument of 
FIG. 1 are clearly identi?ed in a classic Wheatstone 
bridge circuit con?guration. 
FIG. 6 is a cross-sectional view of an ori?ce meter in 

a ?owing ?uid pipe line includinga schematic represen 
tation of the manometric instrument of the invention 
connected to the ori?ce meter to measure the differen 
tial pressure reduction across the meter. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is intended as an improvement 
on conventional manometric methods and instruments 
and is broadly suitable for use in measuring pressure 
differentials of liquids and gases. The method and in 
strumentation of the invention utilize a uniquely con?g 
ured arrangement of four elongated plate type capaci 
tors extending in clustered parallel alignment. The ca 
pacitors have like closed dielectric spaces which are 
arranged in pairs. Each pair of dielectric spaces com 
prises one leg of a typical ?uid U-tube manometer. 
The four capacitors are constructed from four electri 

cally conductive capacitor elements each comprised of 
two electrically connected capacitive plates. The ca 
pacitor elements are mounted in ?xed, equally-spaced 
relationship from one another and positioned by the 
instrument body (and associated mounting means) so 
that each plate of each capacitor element de?nes with a 
plate of the next adjacent capacitor element a dielectric 
space therebetween whereby the mounted capacitor 
elements together form the four dielectric spaces re 
ferred to above. These dielectric spaces are con?ned by 
the instrument body and capacitor element mounting 
means so that such spaces consist of channels for hold 
ing the working ?uid or ?uids of the instrument. 

Referring now to the drawings, a multi-capacitor 
differential pressure manometric instrument 10, in ac 
cordance with the present invention, is illustrated in 
longitudinal cross-section in FIG. 1. As shown, the 
manometric instrument structure is comprised princi 
pally of a non-conducting casing 11 and central non 
conducting capacitor element positioning member 12. 
The casing 11 is closed at its lower end by a header 
member 13 including bottom wall 13a and annular side 
wall 13b de?ning header chamber 13c which surrounds 
the lower end of positioning member 12. The upper end 
of the casing 11 is closed by closure plate 14. 

Within the instrument casing 11, and as positioned 
and maintained by member 12, are four like electrically 
conductive capacitor elements 15, 16 17 and 18 (extend 
ing over a length “T” of the casing) each comprised of 
two capacitive plates “A” and “B”. The central posi 
tioning member 12 maintains the four capacitor ele 
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4 
ments in ?xed spaced relationship from one another as 
shown in FIG. 3 and positions such elements so that 
each plate thereof de?nes with a plate of the next adja 
cent capacitor element a dielectric space therebetween 
whereby such elements together form four dielectric 
spaces 19, 20, 21 and 22 which are aligned as opposing 
pairs 19-20 and 21-22. Within these dielectric spaces 
there is introduced one or more working ?uids of differ 
ing speci?c gravities so that an interface level is estab 
lished which rises or lowers within the instrument 10 in 
respect to differential pressures imposed upon the in 
strument. As illustrated in FIG. 1 two ?uids F1 and F2 
are contained within the dielectric spaces 19, 20, 21 and 
22 so that such spaces are always ?lled with ?uid over 
the length of the capacitor elements and thus the entire 
range of differential pressures to be measured by the 
instrument. Thus, a heavy ?rst ?uid F1 (relatively high 
density and speci?c gravity) is noted to ?ll the lower 
portions of such spaces and a second ?uid F2 (relatively 
low density and speci?c gravity) ?lls the portions of 
such spaces above the heavy ?uid F1. As shown, ?uid 
F2 comprises the ?uid for which differential pressures 
are to be measured by instrument 10. 
The relative positions of the ?uids F1 and F2 within 

spaces 19, 20, 21 and 22 of the instrument 10, as shown 
in FIG. 1, are established by the relative differential 
pressures imposed through ?uid F2 upon the instru 
ment. Thus, a relatively high pressure P;, is applied to 
the instrument system as ?uid pressure via ?uid F2 
through high pressure supply line 23 and instrument 
high pressure inlet lines 24 leading to dielectric spaces 
21 and 22. A lower differential pressure P1 is applied to 
the instrument system as ?uid pressure via ?uid F2 
through low pressure supply line 25 and instrument low 
pressure inlet lines 26 leading to dielectric spaces 19 and 
20. Since the four dielectric spaces are in communica 
tion with one another at their lower ends via header 
chamber 13c the high pressure force P}, on ?uid F2 in 
dielectric spaces 21 and 22 causes such ?uid and under 
lying ?uid F1 to be depressed within such spaces 
thereby forcing ?uids to rise in dielectric spaces 19 and 
20 against the low pressure force P1 on ?uid F2 in such 
spaces until force equilibrium is reached. Force equilib 
rium occurs when the applied pressure and weight of 
the liquid columns on each side of the manometric in 
strument are of equal force value. 
As noted above, the capacitor elements 15, 16, 17 and 

18 of te instrument 10 extend over a length T of the 
casing 11 from the top of chamber 130 in the bottom 
header 13 to the underside of closure plate 14. Thus, the 
pairs of dielectric spaces 19-20 and 21-22 act as U-tube 
type manometer legs with the result that each effective 
leg of the manometer is of identical cross-sectional area 
throughout its length. 
The capacitive manometric differential pressure mea 

suring instrument of the invention has been described 
thus far only in terms of its structural equivalency to a 
classic U-tube manometer. As will be appreciated from 
study of FIG. 3 of the drawings, the four capacitor 
elements 15, 16, 17 and 18 of the instrument of the in 
vention are insulated from each other within the instru 
ment structure and from the piping leading ?uid streams 
under differential pressure to the device. Where the 
?uid F1 and/or the ?uid F2 within the instrument 10 
comprise electrically conducting material the capacitor 
elements and capacitive plates A and B are coated with 
an insulating ?lm thereby preventing the passage of 
shorting components of current between such plates via 
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the conducting ?uids. Electrically conductive led wires 
L1, L2, L3 and L4 are connected, respectively, to the 
elements 15,_16, l7 and 18 and leave the instrument 10 
via appropriate insulated passage therefrom. When 
these lead wires are further connected to alternating 
current generator circuitry “G” and current ?ow detec 
tion, measurement and value indicating circuitry “D”, 
as shown in FIG. 5, there results simple capacitance 
bridge circuitry of classic Wheatstone con?guration. 
The alternating current generator circuitry G is con 

nected to the bridge circuitry (the C1 pair of capacitors 
and the C2 pair of capacitors all contained in an intimate 
cluster within the instrument casing 11) through 
screened input lead wires L2 and L4. Outlet wires 
(screened) L1 and L2 connect the bridge circuitry to the 
detector circuitry D (including appropriate current 
recti?er circuitry, if required, bridge interrogation cir 
cuitry, current measurement circuitry, and current 
value indicating circuitry. Because all four capacitors of 
the bridge circuit are clustered together within the 
capacitive manometric instrument the circuitry is not 
subject to stray capacitance and long leads may be used 
to connect the instrument with the current generator G 
or the detector, measurement and indicating circuitry 
D. 

In applying the capacitive manometric instrument of 
this invention to two pressure points for which pressure 
differential is to be measured and reported and/or re 
corded a ?rst ?uid F1 of relatively high speci?c gravity 
is introduced to the dielectric spaces 15, 16 17 and 18 
and is allowed to ?ll such spaces to approximately one 
half their height, i.e., to an equilibrium level E—E (see 
FIG. 1). Thereafter a second ?uid F2 of relatively low 
speci?c gravity is introduced to the dielectric spaces 
and is allowed to ?ll the remaining height of such spaces 
and the piping connecting the dielectric spaces and the 
pressure points. The second ?uid may be a liquid or gas 
and may comprise a ?uid experiencing two different 
pressures at separated points in such ?uid’s container or 
pipe line, i.e., the ?uid for which a differential pressure 
value needs to be determined. The principal criteria for 
?uids F1 and F2 are that they are immiscrible with each 
other and that F; is lighter than F1. With the two ?uids 
in place and no pressure applied to the system, the fre 
quency and/or voltage of the applied alternating cur 
rent and/ or the detector circuitry (including measuring 
and/or value indicating instrumentation) may be ad 

. justed in known manner until the value indicating in 
strumentation indicates the required output value. For 
identically con?gured capacitors C1 and C2 bridge bal 
ance and zero current flow occurs because each of the 
identical dielectric spaces 19, 20, 21 and 22 is ?lled with 
like quantities of fluids F1 and P; so that the net dielec 
tric constant values for the material ?lling such spaces 
are identical. As a pressure differential is applied to the 
fluids in the legs of the manometric instrument, the 
change of volumes of fluids F1 and F2 in the C1 capaci 
tor legs is equal to the change of volumes of ?uids F2 
and F1, respectively in the C2 capacitor legs and the net 
dielectric constant values for such capacitor legs 
changes in linear relationship. 
For the bridge circuit of FIG. 5 the respective capaci 

tors may have impedance values as indicated below: 
’ Variable value capacitors 

C2 impedance=Z2 
Variable value capacitors 

C1 impedance : Z1 

6 
The detector circuitry D also presents an impedance 

value which may be designated as Z3. The alternating 
current generator circuitry, at set frequency, has a con 
stant voltage “e” which is applied across the bridge. 
Thus, 

If Z3 is of small value, i.e., Z3<Z1 and 2; then it can 
be established that the current “i” through the detector 
circuitry is: . ’ 

where 
e is the voltage value and 
(0:271 frequency 

The current value i in the detector circuitry changes in 
linear relation to changes in the capacitance value of the 

. C1~C2 relationship. Therefore, changes in the C1-C2 
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relationship may be determined by measuring changes 
in the current value i. Furthermore, with appropriate 
detector and ac. generator circuitry (e.g. by keeping 
the current i constant and varying the m value) the 
readout of the C1-C2 value can be effected by measur 
ing the period of the angular frequency 0). Thus, the 
readout instrumentation in the detector circuitry may 
yield digital pressure values in direct linear relationship 
to the changes in capacitances C1 and C2. 
From the foregoing, it will be appreciated that the 

bridge circuitry, comprised of the two like and variable 
value capacitors C1 and the two like and variable value 
capacitors C2, is arranged to be in an unbalanced state 
(current ?owing through the detection circuit) at all 
instances when the net capacitance value in the C1 legs 
varies from the net capacitance value of the C2 legs of 
the manometric instrument. With the bridge circuitry 
structured and operating in this fashion the detector 
circuitry reads the bridge unbalance (value of current 
?ow) linearly as a direct measurement of F1 ?uid height 
difference (H) and the detector circuitry with associ 
ated measurement and value indicating circuitry will 
report or display such difference as a differential pres 
sure value. 

EXAMPLE OF ELECTRONIC MANOMETER 
MEASUREMENT OF DIFFERENTIAL 

PRESSURES 

To control industrial processes, it is frequently desir 
able to know the amount of material entering and leav 
ing the process. Because materials are transported in the 
form of ?uids wherever possible, it is important to mea 
sure the rate at which a ?uid is ?owing through a pipe 
or other channel. Instruments for measuring streams of 
flowing ?uids include: area meters, current meters, 
positive-displacement meters, direct weighing and mea 
suring devices and dynamic devices such as venturi 
meters, ori?ce meters, ?ow nozzles and pitot tubes. 
FIG. 6 shows in sectional view a ?owing ?uid pipe line 
27 in which an ori?ce plate 28 has been installed be 
tween pipe ?anges 30 of two sections of such pipe line 
to form an ori?ce meter which, in combination with a 
U-tube manometer can be used to measure ?uid flow 
rate by measurement of differential pressures. In FIG. 6 
the capacitive manometric instrument 10 of the inven 
tion is shown schematically as a U-tube manometer. 
Although the actual instrument has two capacitive 
spaces 19 and 20 about which like capacitances C1 are 
formed and two capacitive spaces 21 and 22 about 
which like capacitances C2 are formed, these capaci 
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tances are represented, for manometer structure pur 
poses, as singular capacitive legs 31 and 32, respec 
tively, of the schematic manometer of FIG. 6. 
The force equations for the manometric system of 

FIG. 6 are developed as follows: 

P1=low pressure at the downstream point 
p1=density of ?uid F1 
p2=density of ?uid F2 
U=the height of ?uid F2 in legs 31 and 32 when the 

system is in equilibrium. ' 
H=the differential of height of ?uid F1 in leg 32. 
g=acceleration due to gravity 

Thus, the differential pressure P;,—P1 is a linear func 
tion of the differential height of ?uid F1 and the differ 
ence between the density of ?uid F1 and the density of 
?uid F2. The values of capacitors C1 and C2 are directly 
and linearly related to the respective heights of the 
dense ?uid F1 and, therefore, the current value of the 
capacitive bridge circuit of the instrument is directly 
and linearly related to the height difference (H) of the 
?uid F1 in the two legs of the manometer. By use of 
appropriate value indicating circuitry the instrument 
can report continuously the differential pressure 
whereby the volumetric ?ow rate of the ?uid in pipe 
line 27 may be continuously monitored and recorded. 
Numerous other examples can be suggested of flow 

ing ?uid streams which require monitoring for process 
or product control purposes with respect to differential 
pressure and to which the method and instrumentation 
of this invention can be applied. Where the ?owing 
?uid (liquid, liquid/liquid mixture or emulsion and li 
quid/solid mixture) is substantially incompressible, the 
differential capacitance measurement via the manomet 
ric instrumentation of the invention is directly related to 
the pressure differential and monitoring of the ?uid and 
instrumentation yields linear determination of pressure 
differential. Where the ?owing ?uid F2 is compressible 
(such as in the case of gases, liquid/gas mixtures or 
dispersions or compressible liquids including liquid 
hydrogen) the same capacitive methodology and instru 
ment structure of the invention is utilized with the de 
tector circuitry calibrated to take into account the rela 
tionship between the dielectric constant of the materials 
and their densities as found by Clausius and Mosotti. 
This relationship is (K—l)+(|<+2)=ap, where “K” is 
the dielectric constant, “a” is the molecular polarizabil 
ity constant for a particular material, and “p” is the 
absolute density of the material. Additionally, 
|<=C1/C0 where C0 is the capacitance of a capacitor 
when there is a vacuum between the plates and C1 is the 
capacitance when the manometric ?uid being measured 
is between the plates. Theoretically, this relation holds 
for all nonpolar materials regardless of phase. 
Where a highly compressible gas comprises the ?uid 

for which differential pressures are to be monitored and 
measured by the manometric instrument of the inven 

' tion, it is desirable to utilize a second incompressible 
?uid within the instrument between the gas and the 

15 

20 

25 

45 

65 

8 
lower manometric ?uid. Thereby, the dielectric spaces 
of the instrument are always ?lled with an incompressi 
ble strata of fluids under the various pressures imposed 
on the manometric legs of the instrument by the gas 
being monitored. As the interface of the strata shifts 
within a leg (dielectric space) of the instrument the net 
dielectric constant for the leg changes linearly and the 
system is not affected by changes in density of a compo 
nent of the strata under varying pressure force. 
As shown in the drawings, the casing 11, capacitive 

element positioning member 12, bottom header member 
13, and closure plate 14 of the manometric instrument 
10 are formed of non-conducting materials to provide 
an insulating supporting structure for the capacitor 
elements 15, 16, 17, and 18. The various members of the 
instrument structure are appropriately assembled with 
seals between such members where required to assure 
space-to-space separation of the ?uids therein. The 
structural components of the instruments may be 
formed of electrically conducting material, such as 
stainless steel, provided the capacitor elements 15, 16, 
17 and 18 are fully insulated from the structural compo 
nents of the instrument. 

While the invention has been described in detail with 
respect to a speci?ed preferred structural embodiment 
and preferred method of operation, it will be under 
stood by those skilled in the art that various changes 
and modi?cations may be made without departing from 
the spirit and scope of the novel concept of this inven 
tion. Therefore, it is intended by the appended claims to 
cover all such modi?cations and variations which fall 
within the true spirit and scope of the invention. 
What is claimed is: 
1. A manometric method for measuring differential 

pressures by comparing the dielectric properties of a 
strata of ?uids in a ?rst manometric column with the 
dielectric properties of a strata of fluids in a second 
manometric column which comprises: . 

(a) providing a multi-capacitor manometric ?uid sen 
sor formed of a ?rst pair of capacitors having like 
dielectric spaces within which a ?rst strata of ?uids 
is maintained as a column under a ?rst pressure 
force as the dielectric material ?lling said spaces 
and a second pair of capacitors having like dielec 
tric space within which a second strata of ?uids is 
maintained as a column under a second pressure 
force as the dielectric material ?lling said spaces, 
the dielectric spaces of said ?rst pair of capacitors 
and the dielectric spaces of said second pair of 
capacitors being in ?uid ?ow communications with 
one another at their lower ends whereby said ?rst 
strata of ?uids and said second strata to ?uids as 
sume equilibrium positions within their respective 
dielectric spaces in relation to the densities of said 
?uids and the respective pressure forces applied to 
the columns thereof; 

(b) connecting the ?rst and second pairs of capacitors 
of said sensor together to form the four capacitive 
sides of a Wheatstone bridge circuit, the ?rst pair 
of capacitors connected as two opposing sides of 
said bridge and the second pair of capacitors con 
nected as the remaining two opposing sides of said 
bridge; 

(0) applying a source of alternating current of con 
stant voltage and set frequency across said bridge 
circuit to a ?rst set of bridge terminals at opposite 
corners of the bridge, each of said ?rst terminals 
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located between a capacitor of the ?rst pair of 
capacitors and a capacitor of the second pair of 
capacitors of said sensor; 

(d) interrogating the bridge circuit through a detec 
tion circuit connected across said bridge to a sec 
ond set of bridge terminals independent of said ?rst 
set of terminals and at opposite corners of the 
bridge, each of said second terminals located be 
tween a capacitor of the ?rst pair of capacitors and 
a capacitor of the second pair of capacitors of said 
sensor; and 

(e) measuring the current value in said detection cir 
cuit and indicating said value as a deviation value 
of capacitance value of the ?rst column of ?uids 
under said ?rst pressure force with respect to the 
capacitance value of the second column of ?uids 
under said second pressure force in direct linear 
relationship with said current value. 

2. A manometric method for measuring differential 
pressures by comparing the dielectric properties of a 
strata of ?uids in a ?rst manometric column with the 
dielectric properties of a strata of ?uids in a second 
manometric column as de?ned in claim 1 wherein the 
current value measured in said detection circuit is indi 
cated as a deviation value of capacitance value of the 
?rst column of ?uids under said ?rst pressure force with 
respect to the capacitance value of the second column 
of ?uids under said second pressure force and is ex 
pressed in direct linear relationship with said current 
value as a deviation of the height of said ?rst column of 
?uids with respect to the height said second column of 
?uids. 

3. A manometric method for measuring differential 
pressures by comparing the dielectric properties of a 
strata of ?uids in a ?rst manometric column with the 
dielectric properties of a strata of ?uids in a second 
manometric column as de?ned in claim 1 wherein the 
current value measured in said detection circuit is indi 
cated as a deviation value of capacitance value of the 
?rst column of ?uids under said ?rst pressure force with 
respect to the capacitance value of the second column 
of ?uids under said second pressure force and is ex 
pressed in direct linear relationship with said current 
value as a deviation of pressure force applied to said 
?rst column of ?uids with respect to the pressure force 
applied to said second column of ?uids. 

4. A manometric method for measuring differential 
pressures by comparing the dielectric properties of a 
strata of ?uids in a ?rst manometric column with the 
dielectric properties of a strata of ?uids in a second 
manometric column as de?ned in claim 3 wherein the 
current value measured in said detection circuit is indi 
cated as a deviation of pressure force applied to said 
?rst column of ?uids with respect to the pressure force 
applied to said second column of ?uids in direct digital 
readout display. 

5. A manometric method for measuring differential 
pressures by comparing the dielectric properties of a 
strata of ?uids in a ?rst manometric column with the 
dielectric properties of a strata of ?uids in a second 
manometric column as de?ned in claim 3 wherein the 
current value measured in said detection circuit is indi 
cated as a deviation of pressure force applied to said 
?rst column of ?uids with respect to the pressure force 
applied to said second column of ?uids in direct analog 
display. 

6. A manometric method for measuring differential 
pressures by comparing the dielectric properties of a 
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10 
strata of ?uids in a ?rst manometric column with the 
dielectric properties of a strata of ?uids in a second 
manometric column as de?ned in claim 1 wherein the 
lower ?uid stratum of said ?rst column of ?uids is the 
same as and is in communication with the lower ?uid 
stratum of said second column of fluids, the upper ?uid 
stratum of said ?rst column of ?uids has a lower density 
than the lower ?uid stratum of said column and is im 
miscible therewith, and the upper ?uid stratum of said 
second column of ?uids has a lower density than the 
lower ?uid stratum of said column and is immiscible 
therewith. 

7. A capacitive system for manometric measurement 
of differential pressures by comparing the dielectric 
properties of a strata of ?uids in a ?rst manometric 
column with the dielectric properties of a strata of ?uids 
in a second manometric column which comprises: 

(a) a multi-capacitor manometric ?uid sensor formed 
of 1 

(i) a ?rst pair of capacitors having like dielectric 
spaces, 

(ii) means for maintaining a ?rst strata of ?uids as a 
column within the dielectric spaces of said ?rst 
pair of capacitors whereby said capacitors have 
like and variable capacitive value, 

(iii) a second pair of capacitors having like dielec 
tric spaces, 

(iv) means for maintaining a second strata of ?uids 
as a column within the dielectric spaces of said 
second pair of capacitors whereby said capaci 
tors have like and variable capacitive value, and 

(v) ?uid passage means connecting the dielectric 
spaces of said ?rst pair of capacitors at the lower 
end of said spaces with the dielectric spaces of 
said second pair of capacitors at the lower end of 
said spaces; 

(b) means for applying a ?rst pressure force to said 
?rst column of ?uids and for applying a second 
pressure force to said second column of ?uids 
whereby with the application of said pressure 
forces to said columns of ?uids of said ?rst strata of 
?uids and said second strata of ?uids assume equi 
librium positions within their respective dielectric 
spaces in relation to the densities of said ?uids and 
the respective pressure forces applied to said col 
umns; 

’ (0) means electrically connecting the ?rst and second 
pairs of capacitors of said sensor together to form 
the four capacitive sides of a Wheatstone bridge 
circuit, the ?rst pair of capacitors connected as two 
opposing sides of said bridge and the second pair of 
capacitors connected as the remaining two oppos 
ing sides of said bridge; 

(d) a source of alternating current of constant voltage 
and set frequency connected across said bridge 
circuit to a ?rst set of bridge terminals at opposite 
corners of the bridge, each of said ?rst terminals 
located between a capacitor of the ?rst pair of 
capacitors and a capacitor of the second pair of 
capacitors of said sensor; and 

(e) a current detection circuit connected across the 
bridge to a second set of terminals independent of 
said ?rst set of terminals and at opposite corners of 
the bridge, each of said second terminals located 
between a capacitor of the ?rst pair of capacitors 
and a capacitor of the second pair of capacitors of 
said sensor, said detection circuit including current 
value measurement and current value indication 
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circuitry for expressing in direct linear relationship 
said current value as a deviation value of capaci 
tance value of the ?rst column of ?uids undeiéfs‘aid' 
?rst pressure force with respect to the capacitance 
value of the second column ‘of ?uids under said 
second pressure force. 

8. A capacitive system for manometric measurement 
of differential pressures by comparing the dielectric 
properties of a strata of ?uids in a ?rst manometric 
column with the dielectric properties of a strata of ?uids 
in a second manometric column as claimed in claim 7 
wherein the current detection circuit including current 
value measurement and current value indication cir 
cuitry expresses the deviation value of capacitance 
value of the ?rst column of ?uids under said ?rst pres 
sure force with respect to the capacitance value of the 
second column of ?uids under said second pressure 
force as the pressure differential value between said ?rst 
pressure force and said second pressure force. 

9. A capacitive system for manometric measurement 
of differential pressures by comparing the dielectric 
properties of a strata of ?uids in a ?rst manometric 
column with the dielectric properties of a strata of ?uids 
in a second manometric column as claimed in claims 7 
or 8 wherein the ?rst and second pairs of capacitors 
forming the multi-capacitor sensor of said system are 
coated with an insulating ?lm. 

10. A capacitive system for manometric measurement 
‘ of differential pressures by comparing the dielectric 

properties of a strata of ?uids in a ?rst manometric 
column with the dielectric properties of a strata of ?uids 
in a second manometric column as claimed in claim 8 
wherein the current value indication circuitry reports 
the pressure differential value between said ?rst pres 
sure force and said second pressure force in direct digi 
tal readout display. 

11. A capacitive system for manometric measurement 
of differential pressures by'comparing the dielectric 
properties of a strata of ?uids in a ?rst manometric 
column with the dielectric properties of a strata of ?uids 
in a second manometric column as claimed in claim 8 
wherein the current value indication circuitry reports 
the pressure differential value between said ?rst pres 
sure force and said second pressure force in direct ana 
log display. 

12. A capacitive type manometric instrument for 
measuring differential pressures by comparing the di 
electric properties of a strata of ?uids in a ?rst mano 
metric column with the dielectric properties of a strata 
of ?uids in a second manometric column which com 
prises: 

(a) four electrically conductive capacitor elements 
each formed to present two electrically connected 
capacitive plates; 

(b) means for mounting said capacitor elements in 
?xed spaced relationship from one another and for 
positioning said elements so that each capacitive 
plate thereof de?nes with a capacitive plate of the 
next adjacent capacitor element a dielectric space 
therebetween whereby said mounted capacitor 
elements with their respective plates together form 
four plate-type capacitors having like dielectric 
spaces; 

(c) means for maintaining a ?rst strata of ?uids as a 
column within the dielectric spaces of a ?rst pair of 
said capacitors whereby said capacitors have like 
and variable capacitive value; 

(d) means for maintaining a second strata of ?uids as 
a column within the dielectric spaces of a second 
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pair of said capacitors whereby said capacitors 
have like and variable capacitive value; ' ' 

- (e) ?uid passage means connecting the dielectric 
spaces of ?rst pair of capacitors at the lower end of 
said spaces with the dielectric spaces of said second 
pair of capacitors at the lower end of said spaces; 

(f) means for applying a ?rst pressure force to said 
?rst column of ?uids and for applying a second 
pressure force to said second column of ?uids 
whereby with the application of said pressure 
forces to said columns of ?uids said ?rst strata of 
?uids and said second strata of fluids assume equi 
librium positions within their respective dielectric 
spaces in relation to the densities of said ?uids and 
the respective pressure forces applied to said col 
umns; 

(g) means for electrically connecting the ?rst and 
second pairs of capacitors of said manometric in 
strument together to form the four capacitive sides 
of a Wheatstone bridge circuit, the ?rst pair of 
capacitors connected as two opposing sides of said 
bridge and the second pair of capacitors connected 
as the remaining two opposing sides of said bridge; 

(h) means for applying a source of alternating current 
of constant voltage and set frequency across said 
bridge circuit at a ?rst set of bridge terminals at 
opposite corners of the bridge, each of said ?rst 
terminals located between a capacitor of the ?rst 
pair of capacitors and a capacitor of the second pair 
of capacitors of said manometric instrument; and 

(i) means for detecting and measuring current ?ow 
within the bridge circuit, said means being con 
nected across said bridge circuit at a second set of 
bridge terminals independent of said ?rst set of 
terminals and at opposite corners of the bridge, 
each of said second terminals located between a 
capacitor of the ?rst pair of capacitors and a capac 
itor of the second pair of capacitors of said mano 
metric instrument, said current detecting and mea 
suring means including current value indicating 
circuitry for expressing in direct linear relationship 
said current value as the pressure differential value 
between said ?rst pressure force and said second 
pressure force. 

13. A capacitive type manometric instrument for 
measuring differential pressures by comparing the di 
electric properties of a strata of ?uids in a ?rst mano 
metric column with the dielectric properties of a strata 
of ?uids in a second manometric column as claimed in 
claim 12 wherein the four electrically conductive ca 
pacitor elements each consist of a rectangular metallic 
sheet folded along a line midway the edges thereof to 
form said electrically connected capacitive plates. 

14. A capacitive type manometric instrument for 
measuring differential pressures by comparing the di 
electric properties of a strata of ?uids in a ?rst mano 
metric column with the dielectric properties of a strata 
of ?uids in a second manometric column as claimed in 
claim 12 wherein the four electrically conductive ca 
pacitor elements each consists of an elongated metallic 
sheet folded 90° along a line midway the edges thereof 
to form said electrically connected capacitive plates. 

15. A capacitive type manometric instrument for 
measuring differential pressures by comparing the di 
electric properties of a strata of ?uids in a ?rst mano 
metric column with the dielectric properties of a strata 
of ?uids in a second manometric column as claimed in 
claim 12 wherein the four electrically conductive ca 
pacitor elements are coated with an insulating ?lm. 

* * * * * 


